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Introduction
Refractory temporal lobe epilepsy (TLE) is characterized by persistent seizures and/or antiepileptic drug side effects that significantly impair a patient's quality of life. 1 Patients with TLE typically undergo a combination of diagnostic and localizing procedures for the purpose of identi- fying the epileptogenic focus. Such procedures include EEG monitoring techniques, neuroimaging, the intracarotid amobarbital procedure (IAP), extraoperative or intraoperative functional mapping, and neuropsychological assessment. 2 Once the epileptogenic focus has been identified, and if all other treatment avenues have been explored, the patient with TLE may choose to undergo an anterior temporal lobectomy (ATL) in the hopes of alleviating their chronic, debilitating symptoms.
ATL involves the resection, either in whole or in part, of some unilateral combination of the anterior temporal lobe, hippocampus, parahippocampal gyrus, uncus, and amygdala. 1, 3 Although this procedure has demonstrated a greater than or equal to 70% success rate in eliminating seizures or significantly reducing their frequency, the patient contemplating ATL must consider the potential risks associated with this form of treatment. 2, 3 While the majority of cognitive abilities remain stable following ATL, [4] [5] [6] and profound amnestic disorders result infrequently, significant morbidity in episodic memory is a potential consequence associated with this surgery. 7 Since the areas to be resected (i.e. the hippocampus and adjacent anatomically related mesial temporal lobe structures) are involved in the acquisition, temporary storage, and retrieval of explicit memory for facts and events, it follows that severe problems in memory may result.
Current investigators of the neuropsychological effects of ATL strive to explicate the role of the mesial temporal lobe in the distributed neural network for memory so that a more accurate estimation of the risks and benefits associated with this surgery may be presented to the patient with intractable TLE. 8, 9 Extensive research of the association between specific brain structures and memory functioning has been conducted, and a large number of studies have demonstrated material-specific declines in memory function that vary with the side of surgery following ATL. 10 The material-specific model of human memory maintains that the dominant hemisphere is specialized for the learning and recall of verbal information whereas the nondominant hemisphere is specialized for the learning and recall of nonverbal information. 5,11 Indeed, studies investigating preoperative patients with unilateral temporal lobe lesions indicate that deficits in verbal memory are typically associated with a seizure onset from the left temporal lobe while impairments in nonverbal memory are interpreted as a consequence of seizure onset from the right temporal lobe. 12, 13 Similarly, postoperative investigations have found that patients with intractable TLE who undergo dominant temporal lobectomies demonstrate impairment on verbal memory tasks such as the Logical Memory subtest of the Wechsler Memory Scale (see, for example, [14] [15] [16] ), while patients who undergo nondominant temporal lobectomies demonstrate impairment on memory tasks such as visual learning tests involving nonverbal material (see, for example, 17 ).
However, there are conflicting findings with respect to nonverbal memory functioning following nondominant ATL, as deficits within this domain have not been consistently reported. For example, Martin et al. 18 investigated the association between 1 H magnetic resonance spectroscopic imaging (MRSI)-detected neurochemical status of the left and right hippocampus to neuropsychological measures in patients with mesial TLE. Although significant associations were found between metabolic markers of left hippocampal neuronal integrity and verbal memory measures, no significant correlations between right hippocampal status and the Visual Reproduction (VR) subtest of the Wechsler Memory Scales immediate or percent recall scores were found. In fact, at least five other studies have failed to find an association between the VR and right hippocampal status following right ATL. [19] [20] [21] [22] [23] Yet, Saykin et al. 24 reported results of 32 right ATL patients who demonstrated postoperative decline in nonverbal memory using the VR.
Other studies have found that right ATL patients demonstrate an impairment in memory for faces 25 and melodies 26 when tested postoperatively. Further, an association between right TLE and visual learning, but not delayed memory, has been demonstrated in post-surgery patients using an analogue of the Rey Auditory Verbal Learning Test, the Visual Spatial Learning Test. 23 Pigott and Milner 27 reported that postoperative right temporal lobectomy patients demonstrated deficits in memory for figurative details; yet, studies utilizing the Rey-Osterrieth Complex Figure have failed to find a consistent association with right hippocampal status. 22, 28 A meta-analysis 29 conducted to determine the effect of ATL on verbal and nonverbal memory resulted in an extremely small and nonsignificant effect size for the difference between preand postoperative nonverbal memory functioning following right ATL (VR Immediate = 0.09, VR Delayed = 0.19). However, the inclusion criteria of this analysis restricted nonverbal memory studies to those using the VR subtest. Consequently, only four studies were identified from which delayed recall data could be garnered, thereby limiting the extent to which these findings could provide an overall evaluation of the effect of right ATL on nonverbal memory.
The conflicting findings of selective nonverbal memory deficits in patients who have undergone right ATL are perplexing and contradict the material-specific model of memory. Consequently, there is no clear indication as to the nature of and the extent to which patients undergoing right ATL will experience nonverbal memory deficits postoperatively. A cursory review of the literature indicates that the inconsistent findings in nonverbal memory functioning following right ATL may, in part, be attributable to disparities within the research itself. That is, there is a great deal of variability among the different research studies being conducted.
To address this issue and to provide a better understanding of the association between nonverbal memory deficits and right ATL, a quantitative review of the literature is proposed. By utilizing meta-analytic principles, a quantitative synthesis of the literature will be conducted to examine the extent to which nonverbal memory deficits result in patients who undergo RATL.
Methods

Effect sizes and meta-analysis
Meta-analysis constitutes a method for objective research integration in which experimental studies investigating nonverbal memory outcome following RATL can be reviewed and compared quantitatively. [30] [31] [32] By providing a statistical tool for the analysis of magnitude (i.e. effect size d), meta-analysis resolves many of the problems associated with traditional literature reviews. 32 Mathematically, d represents the difference between postoperative outcome means and preoperative outcome means calibrated in pooled standard deviation units. 33 Thus, the effect size estimate d provides a measure of the degree to which a nonverbal memory deficit is evident in a sample of patients following RATL. In the present investigation, the index d was used to validly compare findings among eligible research studies. Additionally, calculated effect sizes for primary studies comprising a common dependent variable were combined using standard meta-analytic procedures. 32 Cohen's guidelines were used for qualifying the effect sizes given the recommendation put forth by Bezeau and Graves 34 regarding the use of effect sizes in clinical neuropsychology research.
Literature search
The individual manual journal technique was utilized to identify relevant papers that may not have been within a computerized database's typical purview. This approach was adopted in an attempt to decrease the possibility that bias was involved in the search outcome (see 35 Further, to ensure that a relevant paper that was not published among the selection of pertinent journals is identified and included in the review, the Medline and PsychInfo computerized databases were utilized. The key words used in the search strategy were ''Epilepsy'', ''Memory'', and ''Temporal''. The articles located by the computer search were limited to published English language articles. Articles were obtained at three large Canadian University libraries and through interlibrary loan.
Criteria for inclusion
Articles were included if they met the following criteria: (1) publication between 1992 and 2002; (2) research designs comprising patients with left cerebral dominance for language, as determined by the IAP; (3) research designs comprising TLE patients who had a resection from the ATL or surgical removal/excision of temporal structures as a primary surgical procedure; (4) articles providing data from nonverbal memory tasks assessing both pre-and postoperative functioning; (5) study statistics convertible to effect size d (e.g. means, standard deviations, F, t; see 32 ).
The relevant content variable(s) from research articles meeting the inclusion criteria were extracted and included in the meta-analyses. Several dependent variables included in the review are derived from only one study and, therefore, did not meet the requirements for a meta-analysis. However, such variables were included in the resultant summary table in order to present the magnitude (i.e. the effect size) of the finding as well as provide an inventory of test variables used in RATL research.
The d statistic 33 was calculated as the difference between postoperative nonverbal memory performance and preoperative nonverbal memory performance normalized by the pooled standard deviation. Means and standard deviations were used to derive effects. However, for studies reporting only inferential statistics, the effects were calculated based on formulas provided by Wolf. 32 
Results
Thirteen studies published between 1992 and 2002 met the inclusion criteria in the present investigation. In four of these studies, pre-and postoperative nonverbal memory performance scores were reported for RATL patients who were further subdivided according to either: (1) preoperative neuroimaging findings; 36 (2) the extent of surgical resection; 37 or (3) postoperative histopathological findings. 38,39 Thus, the resultant 13 studies yielded a total of 17 RATL patient samples, as each of the four aforementioned studies reported results for two different subgroups of patients. In total, pre-and postoperative nonverbal memory test results from 324 RATL patients were recorded across meta-analyses. Table 1 presents the demographic and clinical variable data reported within the identified studies from the published literature. The assessment period (i.e. the time between pre-and postoperative assessments) was not consistently reported among the articles. Of the papers that did record informa- tion on this clinical variable, the assessments were conducted within a 2-year time period. Effect size summaries are presented in rank order for specific nonverbal memory test variables in Table 2 . Mean d represents the raw effect sizes. 33 Effect sizes are reported along with the corresponding standard deviation, the minimum and maximum obtained effect sizes for the variable, the 95% confidence interval for the average effect size, and the number of effect sizes the mean d was based on. A negative effect size indicates a decline in nonverbal memory performance postoperatively (i.e. postoperative scores are lower than preoperative scores).
Of the 22 dependent variables reported in the primary studies, 14 indicated postoperative nonverbal memory decline for RATL patients (reflected by a negative d) while 8 indicated postoperative improvements in nonverbal memory functioning. All resultant effect sizes were small, indicating that any change postoperatively, in either direction, was relatively small in nature. The Cronholm-Molander Memory Test delayed recall measure produced the largest effect size reflecting a postoperative decline in performance (d = −0.43) while the AMIPB Figure Immediate Recall measure produced a comparable result in the opposite direction, indicating postoperative nonverbal memory improvement (d = 0.42).
Among the dependent variables for which mean effect sizes could be calculated, the Warrington Recognition Memory Test for Faces was the only nonverbal memory measure which resulted in an average effect size with a confidence interval that did not encompass zero (d = −0.31, CI = −0.23 to −0.39). For all other dependent variables, the resultant confidence intervals were inclusive of zero, a finding which indicates that the calculated average effect size could have a value of zero as well. Within the context of the present investigation, an effect size of zero means that there was no change in nonverbal memory functioning postoperatively. Therefore, the findings for the remaining dependent variables are weak and unreliable given the likelihood that a zero effect could have easily resulted. Collectively, the results provide little consistent evidence as to the nature of nonverbal memory outcome following RATL.
Discussion
The purpose of the present investigation was to provide a quantitative synthesis of the research literature examining nonverbal memory outcome following right ATL. The results of the review illustrate the inability of the research presently conducted in this area to adequately elucidate the effect of right ATL on nonverbal memory functioning.
An analysis of the particular dependent variables used to assess nonverbal memory performance in right ATL patients produced conflicting Only one of the dependent variables that were combined across multiple studies yielded a confidence interval that did not encompass zero, the Warrington Recognition Memory Test for Faces. Given the research linking higher level object recognition processing to the activation of the fusiform gyrus (see, for example, 40 ), this isolated finding may indicate that other, more inferior, areas of the brain may be adversely affected by the RATL procedure. Further research is warranted to investigate this possibility further. Overall, however, the results from the remaining combined dependent variables indicate the lack of a pronounced effect, in either direction, among these nonverbal memory measures.
Given the material-specific model of human memory, it is perplexing that the results of nonverbal memory outcome following right ATL are so heterogeneous while the research investigating verbal memory outcome and left ATL continues to yield relatively consistent results. One possible explanation for the discrepant findings is that the measures utilized may not adequately assess nonverbal memory functioning in this population of patients. Examination of the tests used among the primary studies indicates that the Visual Reproduction subtest of the Wechsler Memory Scale (WMS-VR) and the Rey-Osterrieth Complex Figure  Task (ROCFT) were employed most frequently by researchers. However, many studies have failed to demonstrate that the WMS-VR actually lateralizes right hemisphere impairment (see 41 ) or is even associated with hippocampal status (HS) following right ATL. [18] [19] [20] [21] Similarly, studies utilizing the ROCFT have failed to find an association between this memory measure and right HS status in TLE patients. 28 In fact, a study investigating over 300 epilepsy surgery candidates with unilateral left or right foci failed to identify any group differences on the ROCFT or WMS-VR measures. 42 It has been suggested by numerous researchers that the test stimuli used to assess nonverbal memory may not be adequately sensitive to right hippocampal damage because of their susceptibility to verbal encoding. 43, 44 Thus, the inconsistent findings regarding the association between hippocampal pathology, right ATL, and nonverbal memory may reflect an intrinsic problem with the memory measures used in the assessment.
To address this, some researchers have adopted more novel methods for assessing nonverbal memory and these investigations have produced more positive results. For example, novel tasks assessing spatial memory 45, 46 and the memory for music 47, 48 have demonstrated sensitivity to right mesial temporal lobe structures. Given that all of the dependent measures examined in the present investigation assessed either purely ''visual'' or ''visuaspatial memory'', it is suggested that future research investigating right ATL outcome should attempt to incorporate measures assessing these other forms of nonverbal memory.
Additionally, it has been argued that measures assessing nonverbal memory are intrinsically more difficult than their verbal memory counterparts. Consequently, the nonverbal memory measures may be more sensitive to non-material-specific components, resulting in the discordant findings which are so prevalent in the literature. 42, 43 For example, figural recall measures involving reproduction require intact motor and higher-level constructional ability. Impairments in either of these domains could conceivably confound the results and lead to an erroneous conclusion regarding nonverbal memory functioning. Among the studies reviewed, most did not report information regarding other domains of neuropsychological functioning. Therefore, it is possible that other factors may have affected the results of the nonverbal memory measures utilized.
Clearly, the results from this quantitative review are limited by the small number of studies meeting the criteria for inclusion. A number of published studies that assessed right ATL nonverbal memory outcome included patients with bilateral cerebral language dominance or failed to explicitly report that language was lateralized to the left in their sample of patients. In addition, some studies reported results for both the RTLE and LTLE groups combined, rather than as separate groups, and still others presented data that could not be converted into effect sizes (e.g. change scores). Such studies had to be excluded from the present analysis and consequently limited the number of available articles which could be reviewed quantitatively.
It is suggested that future research incorporate protocols which are more unified, thereby facilitating more meaningful comparisons of the findings. Given the limitations encountered in this meta-analytic investigation, it might prove beneficial if future studies were to include more homogeneous groups with respect to language lateralization and surgery side. Additionally, the reporting of data in a manner which would allow for the conversion to effect sizes would facilitate future meta-analytic investigations. Finally, given the inadequacies associated with the memory measures used in the primary studies reviewed here, it is suggested that researchers explore other methods for assessing nonverbal memory so that the nature of right ATL memory outcome might be more clearly elucidated.
